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F i g u re  2 :  S c h e m a t i c  re p re s e n ta t i o n  o f  t h e  i n  s i t u  fo r m u l a t i o n  p r i n c i p l e
F i g u re  3 :  p H - ra te  p ro f i l e s  fo r  t h e 
d eg ra d a t i o n  o f  t h e  d i c l o fe n a c  p ro d r u g s 
i n  a q u e o u s  s o l u t i o n  a t  3 7 ° C  ( I  =  0 . 3  M ) . 
F i g u re  5 :  Re l ea s e  p ro f i l e s  o f  d i c l o fe n a c  f ro m  p ro d r u g  s u s p e n s i o n s  o f  D P- 1 ,  D P- 2 ,  a n d 
D P- 3  i n  8 0  % ( v/ v )  h u m a n  s y n ov i a l  f l u i d  a t  3 7 ° C  i n  t h e  ro ta t i n g  d i a l y s i s  m o d e l  ( n = 2 - 3 ) . 
A  to ta l  d o s e  o f  a p p rox i m a te l y  2 5  µ m o l  p ro d r u g  wa s  a d d e d  to  t h e  d o n o r  co m pa r t m e n t . 
B a rs  re p re s e n t  s ta n d a rd  d e v i a t i o n s .   
Solubi l i ty  pH 7 .4 
(µg/mL)
pK a




 pH 7 .4 b (min)
80% SF  (min) 80% plasma (min)
DP-1 0 . 8 4  ±  0 . 0 3 5 . 7 2 6 . 0 4 4 . 9 7  ∙  1 0 2 1 0 . 5  ±  0 . 9 1 . 7  ±  0 . 1
DP-2 4 . 3  ±  0 . 4 7 . 6 6 7 . 3 1 4 . 5 5  ∙  1 0 2 1 1 5  ±  6 . 9 1 6 . 5  ±  0 . 7
DP-3 4 . 6  ±  1 . 7 7 . 4 3 7 . 6 4 1 . 3 2  ∙  1 0 3 1 8 . 9  ±  1 . 2 3 . 0  ±  0 . 1
a D ete r m i n e d  b y  p o te n t i o m et r i c  t i t ra t i o n
b C a l c u l a te d  u s i n g  E q . 1
Ta b l e  1 :  p K a ,  h a l f- l i ve s  a n d  s o l u b i l i t y  ( m ea n  ±  S . D . ,  n = 3 )  o f  p ro d r u g s  i n  a q u e o u s  s o -
l u t i o n  a t  p H  7 . 4 ,  8 0  % ( v/ v )  S F  a n d  8 0  % ( v/ v )  p l a s m a  a t  3 7 ° C . 
I n t ro d u c t i o n
Re ce n t l y,  a  n o v e l  e s te r  p ro d r u g 
a p p roa c h  fo r  t h e  a cco m p l i s h m e n t 
o f  l o ca l  a n d  s u s ta i n e d  d i c l o fe n a c 
a c t i o n  a f te r  i n j e c t i o n  i n to  j o i n t s  wa s 
re p o r te d  ( 1 ) .  I t  i s  to  b e  e x p e c te d  t h a t 
both onset  and durat ion of  dic lofenac 
a c t i o n  ca n  b e  m o d i f i e d  b y  va r i a t i o n 
o f  i n h e re n t  e s te r  p ro d r u g  p ro p e r t i e s 
i n c l u d i n g  t h e i r  p H  d e p e n d e n t 
s o l u b i l i t y  a n d  c h a rge  a s  w e l l  a s  t h e i r 
s u s ce p t i b i l i t y  to  u n d e rgo  e s te ra s e 
fa c i l i ta te d  h y d ro l y s i s .  I n  t h e  p re s e n t 
s t u d y,  t h re e  d i c l o fe n a c  e s te r 
p ro d r u g s  d i f fe r i n g  w i t h  re s p e c t  to 
t h e  s pa ce r  ca r b o n  c h a i n  l e n g t h  ( F i g . 
1 )  w e re  s y n t h e s i ze d  a n d  e va l u a te d  i n 
v i t r o . 
T h u s ,  t h e  o b j e c t i v e s  o f  t h e  p re s e n t  s t u d y  w e re : 
( i )  to  d ete r m i n e  t h e  e f fe c t  o f  t h e  s pa ce r  c h a i n  l e n g t h  o n  t h e  p K a va l u e  a n d  a q u e o u s 
p H - d e p e n d e n t  s o l u b i l i t y  o f  t h e  p ro d r u g s .
( i i )  to  i n v e s t i ga te  t h e  k i n et i c s  a n d  m e c h a n i s m  o f  d eg ra d a t i o n  o f  t h e  t h re e 
p ro d r u g s   i n  a q u e o u s  s o l u t i o n  i n  t h e  p H - ra n ge  1 - 1 0  a s  w e l l  a s  i n  8 0  % ( v/ v )  h u m a n 
s y n o v i a l  f l u i d  ( S F )  a n d  8 0  % ( v/ v )  p l a s m a  a t  3 7 oC . 
( i i i )  to  c h a ra c te r i ze  i n  v i t r o  re l ea s e  o f  d i c l o fe n a c  f ro m  p ro d r u g  s u s p e n s i o n s  u s i n g 
t h e  ro ta t i n g  d i a l y s i s  ce l l  m o d e l .
P ro d r u g  co n ce p t
T h e  p ro d r u g  a p p roa c h  i n v o l v e s  t h e  e m p l o y m e n t  o f  p ro - m o i et i e s  t h a t  b e s i d e s 
h a v i n g  a n  O H  g ro u p  ( fo r  d i c l o fe n a c  e s te r  b o n d  fo r m a t i o n )  co m p r i s e s  a  w ea k  ba s e 
fu n c t i o n a l i t y  w i t h  a  p K a va l u e  o f  a b o u t  6 - 8  ( 2 ) .  H e n ce ,  t h i s  p ro d r u g  t y p e  e x p e r i e n ce s 
p H  d e p e n d e n t  s o l u b i l i t y,  i . e .  a  d e s i re d  l o w  s o l u b i l i t y  a t  p h y s i o l o g i ca l  p H  7 . 4  i n 
co m b i n a t i o n  w i t h  a  s i g n i f i ca n t l y  h i g h e r  s o l u b i l i t y  i n  s l i g h t l y  a c i d i c  s o l u t i o n . 
I t  h a s  b e e n  d e m o n s t ra te d  t h a t  a f te r  i n j e c t i o n  o f  a  co n ce n t ra te d  s l i g h t l y  a c i d i c 
p ro d r u g  s o l u t i o n  ( t h e  p re fo r m u l a t i o n )  i n to  S F,   p H  7 . 4 ,  i n  s i t u  p re c i p i ta t i o n  o f  t h e 
n e u t ra l  p ro d r u g  s p e c i e s  i n  t h i s  b i o l o g i ca l  m a t r i x  o cc u rs  ( 1 ) .  O n l y  t h e  s m a l l  a m o u n t 
o f  d i s s o l v e d  p ro d r u g ,  i n  e q u i l i b r i u m  w i t h  t h e  p re c i p i ta te ,  i s  s u b j e c t  to  S F  e n z y m e -
m e d i a te d  c l ea va ge ( F i g .  2 ) . 
S ta b i l i t y  i n  h u m a n  p l a s m a  a n d  s y n ov i a l  f l u i d 
T h e  s ta b i l i t y  o f  t h e  d i c l o fe n a c  e s te r  p ro d r u g s  a f te r  i n c u ba t i o n  i n  h u m a n  8 0  % ( v/ v ) 
S F  a n d  8 0  % ( v/ v )  p l a s m a  wa s  s t u d i e d  a t  3 7 ° C .  C o m pa re d  to  t h e  s ta b i l i t y  i n  6 7 
m M  p h o s p h a te  b u f fe r  s o l u t i o n  a t  p H  7 . 4 ,  t h e  p ro d r u g s  u n d e r w e n t  m u c h  fa s te r 
d eg ra d a t i o n  i n  t h e  b i o l o g i ca l  m e d i a  i n d i ca t i n g  t h e  i n v o l v e m e n t  o f  e n z y m e - m e d i a te d 
p ro d r u g  co n v e rs i o n  ( Ta b l e  1 )  to  y i e l d  t h e  a c t i v e  d i c l o fe n a c .
C o n c l u s i o n
T h e  ra te  o f  d eg ra d a t i o n  o f  t h e  p ro d r u g s  wa s  a b o u t  6 - fo l d  fa s te r  i n  8 0  % ( v/ v )  h u m a n 
p l a s m a  t h a n  i n  8 0  % ( v/ v )  h u m a n  S F,  w h i c h  m i g h t  re f l e c t  t h e  h i g h e r  p ro te i n  co n te n t 
o f   h u m a n  p l a s m a  re l a t i v e  to  S F  o r  t h e  p re s e n ce  o f  d i f fe re n t  e s te ra s e s  i n  t h e 
b i o l o g i ca l  m e d i a .  I n  v i t r o  re l ea s e  s t u d i e s  p e r fo r m e d  o n  p re - fo r m e d  s u s p e n s i o n s  o f 
t h e  p ro d r u g s  re v ea l e d  s i g n i f i ca n t l y  d i f fe re n t  re l ea s e  b e h a v i o u r  a m o n g  t h e  p ro d r u g s 
a n d  i n d i ca te  a  co m p l e x  re l a t i o n s h i p  b et w e e n  s o l u b i l i t y,  d i s s o l u t i o n  a n d  p ro d r u g 
c l ea va ge  ra te .  O v e ra l l  t h e  re s u l t s  f ro m  t h e  s t u d y  i n d i ca te d  t h a t  d e s i g n  o f  p ro d r u g s 
s u i te d  fo r  l o ca l  pa i n  m a n a ge m e n t  t h ro u g h  j o i n t  i n j e c t i o n  m a y  b e  fea s i b l e  b y  t u n i n g 
o f  t h e  p h y s i co c h e m i ca l  p ro p e r t i e s .
Re l ea s e  s t u d i e s 
I n  v i t r o  re l ea s e  s t u d i e s  p e r fo r m e d  o n  p re - fo r m e d  s u s p e n s i o n s  o f  t h e  p ro d r u g s 
re v ea l e d  s i g n i f i ca n t l y  d i f fe re n t  re l ea s e  b e h a v i o u r  a m o n g  t h e  p ro d r u g s  a n d  i n d i ca te 
a  co m p l e x  re l a t i o n s h i p  b et w e e n  s o l u b i l i t y,  d i s s o l u t i o n  a n d  p ro d r u g  c l ea va ge  ra te .
M e c h a n i s m  o f  d eg ra d a t i o n 
o f  t h e  d i c l o fe n a c  e s te r 
prodrugs in  aqueous solution 
p H  1 - 1 0
T h e  e x p e r i m e n ta l  d a ta 
s u g ge s te d  t h a t  b e l o w  p H 
5  fo r m a t i o n  o f  d i c l o fe n a c 
a n d  t h e  i n d o l i n o n e 
1 - ( 2 , 6 - d i c h l o r o p h e n y l ) -
1 , 3 - d i h y d r o - 2 H - i n d o l - 2 -
o n e  ( I LO )  to o k  p l a ce  i n  a 
co n s e c u t i v e  m a n n e r  ( F i g . 
4 A ) .  I n  t h e  p H  ra n ge  6 - 1 0 , 
H P LC  a n a l y s e s  re v ea l e d  t h a t 
t h e  p ro d r u g s  w e re  s u b j e c t  to 
pa ra l l e l  d eg ra d a t i o n  to  y i e l d 
d i c l o fe n a c  a n d  I LO  ( F i g .  4 B ) .
F i g u re  1 :  C h e m i ca l  s t r u c t u re s  o f  t h e 
d i c l o fe n a c  e s te r  p ro d r u g .
F i g u re  4 :  Rea c t i o n  s c h e m e s  fo r  fo r m a t i o n  o f  d i c l o fe n a c 
a n d  I LO  f ro m  d eg ra d a t i o n  o f  t h e  D P- 2  p ro d r u g  a t  p H 
b e l ow  2  ( A )  a n d  a t  5 . 8  ≤  p H  ≤  1 0  ( B )  a n d  3 7 oC . 
Re fe re n ce s : 
1 .  T h i n g  M ,  A ga rd h  L ,  L a rs e n  S ,  Ra s m u s s e n  R ,  Pa l l e s e n  J,  M e r t z  N ,  et  a l .  A  p ro d r u g  a p p roa c h  i n v o l v i n g  i n  s i t u  d e p o t 
fo r m a t i o n  to  a c h i e v e  l o ca l i ze d  a n d  s u s ta i n e d  a c t i o n  o f  d i c l o fe n a c  a f te r  j o i n t  i n j e c t i o n .  J  P h a r m  S c i .  2 0 1 4 ; 1 0 3 ( 1 2 ) : 4 0 2 1 - 9 .
2 .  L a rs e n  C ,  L a rs e n  S ,  T h i n g  M ,  K r i s te n s e n  J,  J e n s e n  H ,  Ø s te rga a rd  J.  P ro d r u g s  o f  n o n - s te ro i d  a n t i - i n f l a m m a to r y  a ge n t s 
( N S A I D s )  pa te n t  W O  2 0 1 3 / 0 6 4 1 5 3  A 1 .  2 0 1 2 .
3 .  H a r n e d  H S ,  H a m e r  WJ.  T h e  i o n i za t i o n  co n s ta n t  o f  wa te r  a n d  d i s s o c i a t i o n  o f  wa te r  i n  p o ta s s i u m  c h l o r i d e  s o l u t i o n s  f ro m 
e l e c t ro m o t i v e  fo rce s  o f  ce l l s  w i t h o u t  l i q u i d  j u n c t i o n .  J  A m  C h e m  S o c .  1 9 3 3 ; 5 5 ( 6 ) : 2 2 0 3 - 4 .
p H - ra te  p ro f i l e
T h e  d eg ra d a t i o n  ra te  o f  t h e  p ro d r u g s 
wa s  s t u d i e d  o v e r  t h e  p H  ra n ge  1 - 1 0  i n 
a q u e o u s  b u f fe r  s o l u t i o n s  a t  3 7 ° C .  B a s e d 
o n  t h e  s h a p e  o f  t h e  p H - ra te  p ro f i l e s 
( F i g .  3 )  a n  e x p re s s i o n  fo r  t h e  o v e ra l l 
a p pa re n t  f i rs t- o rd e r  ra te  co n s ta n t 
fo r  t h e  d eg ra d a t i o n  o f  t h e  i n d i v i d u a l 
d i c l o fe n a c  e s te r  p ro d r u g  i n  t h e  p H  ra n ge 
1 - 1 0  wa s  p ro p o s e d : 
where kobs refers  to the pseudo-f irst-order 
ra te  co n s ta n t  fo r  p ro d r u g  d eg ra d a t i o n 
i n  b u f fe r  f re e  s o l u t i o n  ( p H  2 - 1 0  ( n  =  3 - 4 ) 
a n d  i n  d i l u te  H C l ,  p H  1 - 1 . 5  ( n  =  1 ) ) .  T h e 
fu l l  l i n e s  i n  F i g .  3  w h e re  o b ta i n e d  b y 
f i t t i n g  t h e  d a ta  to  E q .  1  u s i n g  a  K w o f 
1 . 2 9 7  ∙  1 0 - 1 4 ( 3 7 ° C ,  I  =  0 . 3  M )  ( 3 ) .
A s  a p pa re n t  f ro m  F i g .  3 ,  go o d  a g re e m e n t 
b et w e e n  t h e  s o l i d  c u r v e s  a n d  t h e 
ex p e r i m e n ta l  d ete r m i n e d  ra te  co n s ta n t s 
wa s  a c h i e v e d  ( R 2 >  0 . 9 9 7 ) .
(1 )
P ro d r u g  s u s p e n s i o n
D i a l y s i s  m e m b ra n e
u n i ve r s i t y  o f  co pe n h ag e n
d e pa rt m e n t  o f  ph a r m ac y
